The energy dependence of the amino (-NH 2 ) group orientation with respect to the carborane cage geometry for the four isomers of X-H 2 N-closo-2,4-C 2 B5H 7 (X = 1-, 2-, 3-, 5-) has been studied. As with aminobenzene (aniline) the more "stable" orientations result in (a) trends toward planarity of Y-NH2 (where Y is the cage atom, Β or C, to which the NH 2 is attached), (b) an increase of H-N-H angle, and (c) a decrease in Y-N bond distance. These trends are associated with greater "π-overlap" between the nitrogen "unshared" electrons and the carborane cage, especially pronounced in the 3-H 2 N-closo-2,4-C2B5H 7 isomer.
Introduction
Comparisons of the cage carboranes, and structurally related polyboranes, to organic aromatic systems have been made in the distant and recent past 1 ' 4 . A "textbook" compound for examining π-interactions between a nitrogen containing substituent and a simple aromatic ring is aniline (aminobenzene, H 2 N-C6H 5 ). Both microwave studies 5 and DFT calculations 6 carried out on aniline are in essential agreement with each other; both point to a C-NH 2 angle (angle between the bisector of the H-N-H group and the C-N bond) of ca. 139-143°, H-N-H angle of ca. 111-113°, and a C-N distance of ca. 1.400-1.402 A.
If there were no π-interaction between the "unshared" electrons on nitrogen and the benzene ring, one would expect a longer C-N bond distance; i.e., closer to that (1.47 Ä) C-N distance determined for methylamine 7 ; also larger C-NH 2 and H-N-H angles would be expected. A C-NH 2 angle closer to 125° would be anticipated for a more tetrahedral C-NH 2 group with a nitrogen pair of unshared electrons that does not interact with the π-system of the benzene ring. On the other hand, aC-NH 2 angle of 180° would be hypothetical^ expected, should a canonical structure with a formal C=N double-bond wholly contribute to the structure of aniline. An H-N-H angle closer to 120° would be expected for the latter type of interaction whereas an angle of between ca. 105 to 109° would be expected from no such interaction. Clearly, if one were to write out canonical forms contributing to the experimentally known structure of aniline there would be significant contributions from both π-interaction form(s) and the form with no nitrogen-to-ring-n-interaction. With this in mind it is of interest to examine the amino derivatives of one of the smaller carboranes, one which contains several different types of cage locations to which an NH 2 group could potentially be attached, with the thought that one or more of the NH 2 attached isomers may show greater π-interaction between the nitrogen and the cage than the other isomer(s); in this respect a study of the C-N (or B-N) bond distance, C-NH 2 (or B-NH 2 ) angle, and H-N-H angle, for each of the isomers would be informative; and the preferred orientation of the -NH 2 group relative to specific cage atoms would be of considerable interest. The pentagonal bipyramidal closo-2,4-C 2 B 5 H 7 cage 1 -2 , Figure 1 , has four different kinds of cage atoms (one carbon type and three different boron types), and because this cage system is not unusually large it lends itself to aminocarborane calculations at a reasonably high level of theory, including computations at the DFT level.
Experimental

Calculational methods and results
Ab initio full-geometry optimizations of the four isomers of H 2 N-closo-2,4-C2B5H 6 (1-H 2 N-C 2 B 5 H 6 , 2-H 2 N-C 2 B 5 H 6 , 3-H 2 N-C 2 B 5 H 6 and 5-H 2 N-C 2 B 5 H 6 ) as well as H 2 N-C 6 H 5 , were carried out at the B3LYP/6-31G* level using the Gaussian-94 code 8 . Each full geometry optimization led to a stable closo-2,4-C 2 B 5 framework structure that did not give rise to any imaginary frequencies upon
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subjecting each compound to a vibrational frequency calculation. Total, and relative, energies for the H 2 N-C 2 B 5 H 6 isomers are given in Table 1 . Figures 2 and 3 are examples of the energy optimized aminocarborane molecules; the bond distances, angles and dihedral angles noted for each carborane isomer did not significantly change upon comparing the results from the DFT level (B3LYP) of theory with those obtained from SCF (6-31G*) calculations. Additional calculations at the B3LYP/6-31G* level were carried out on the various amino derivatives by rotating the -NH 2 group every 10° relative to a reference point in the cage. The C2B5 cages retained their pentagonal pyramidal structure integrity throughout the geometry optimizations of all the carborane systems. Calculations were carried out on, variously, IBM 7013-590 RISC-6000, SUN 4/280, and SUN SPARC station Model 10 computers. The Gaussian-94 code was also employed at the SDSC Cray C90 and (NPACI) T90 regional facility.
Figure 1. Structure of the parent closo-2,4-C 2 B 5 H 7 , the black circles = C; the large white circles = B; the small white circles = H. The carbon atoms are C(2) and C(4).
Depicted in
Discussion
The B3LYP/6-31G* ground-state stabilities of the X-H 2 N-C 2 B 5 H 6 isomers (Table 1 ) are in the order X=3 > X=5 > X=1 > X=2. Further consideration of the relative energies (Table 1) would predict percentage quantities for a hypothetical isomer equilibration not much different than that reported for the S-CI-C 2 B 5 H 6 system 9 . The relative ground-state stabilities of the three B-H 2 N-C2B5H6 isomers are also consistent with the B-N bond distance trend X = 1 >X = 5>X = 3 (Table 2) , the last being the smallest of the three, and associated with greater "back-bonding" of the nitrogen "unshared electrons" to the attached boron. Also consistent with this argument is the H-N-H angle value trend X = 3-> X = 5-> X = 1-, with the less bent H-N-H angle associated with more nitrogen "back-bonding" to the attached cage boron. Also, the NH 2 angle with the attached boron atom shows the trend X = 1-< X = 5-< X = 3-, the latter representing the greatest in-plane B-NH 2 geometry. The calculated B-N distance, H-N-H angle, and B-NH 2 angle for the 3-H 2 N-closo-2,4-C 2 B 5 H 6 isomer is not unlike that calculated for H 2 BNH 2 at the same DFT/HF level of theory (B3LYP/6-31G*) 10 2 angle is defined as the angle made by the bisector of the H-N-H group (i.e. a line extending from point midway between the two NH 2 hydrogens to the nitrogen atom) with the C-(or B-)N bond. An angle of 180° implies X-NH2 planarity.
The C-NH 2 angle of the (carborane) carbon attached amino isomer is similar to that for aniline (Table 2 ) although the differences between the various geometrical features mentioned here, C-NH 2 angle, H-N-H angle, and C-N distances, point to slightly greater nitrogen-to-carbon "π-backbonding" in the 2-H 2 N-closo-2,4-C 2 B 5 H 6 than that associated with aniline. 
(5)-B(6)-C(2)-B(3)-C(4) ring, and (right) from the plane of the B(5)-B(6)-C(2)-B(3)-C(4)
ring.
The preferred orientation of the NH 2 group (relative to the carborane cage in the belt-attached H 2 N-C 2 B 5 H 6 isomers) is essentially the same among the three belt-attached NH 2 isomers, 2-, 3-, and 5-, in that the preferred dihedral angle between the bisector of the H-N-H group and the average C 2 B 3 equatorial plane in all these three isomers is essentially 90°. Figure 2 , showing the preferred geometry of 5-H 2 N-closo-2,4-C 2 B 5 H 6 , is illustrative of this. This preferred orientation of the NH 2
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group for the belt substituted isomers can be correlated to a simple orbital description of this molecule described in earlier studies 11 , and is consistent with that described for aniline involving a certain degree of derealization of the "unshared" electrons of the nitrogen into the π-system of the ring.
Since the 1 -H2N-C2B5H5 isomer is different from the other three isomers, in that it does not have the -NH 2 group attached to the five-atom C2B3 equatorial belt, it was of some interest to see what orientation would be favored. The calculational result shows that the preferred dihedral angle between the bisector of the H-N-H group and the B(1)-B(3) bond is close to 90°. Figure 3 illustrates this. This also implies that the "unshared pair" of electrons on the nitrogen prefers a dihedral angle of ca. -90° (relative to the B1-B3 bond). The significance of this preferred orientation appears somewhat elusive at this time. However, using the simplified MO description reviewed in reference 11, whereby the each of the five equatorial atoms are assumed to be sp 2 hybridized with five p z orbitals perpendicular to the 5-membered equatorial ring, results in a picture that perhaps assists in understanding this feature; in this description the two apical boron atoms are each assumed to be sp hybridized with two pure ρ orbitals at right angles to each other and the plane described by these two ρ orbitals (taken together) for each apical boron are above (for one apical boron) and below (for the other apical boron), but parallel, to the C 2 B 3 equatorial plane. If p y of B (1) The (B3LYP/6-31G* calculated) barrier to NH 2 -group rotation is higher (ca. 6.6 to 9.9 kcal/mol) for those position isomers where the NH 2 -group is attached to the equatorial C 2 B 5 belt of the carborane than that for the 1 -NH 2 -isomer (ca. 2.3 to 3.5 kcal/mol). 
-θ2Β5Ηρ, viewed (left) from along the C(2)-B(3)-C(4)-B(5)-B(6) plane and (right) from the "top" of the molecule at 90° to the C(2)-B(3)-C(4)-B(5)-B(6)
Specifically, it is found to be, for the 2-NH 2 -isomer, 9.0 to 9.9 kcal/mol [lower value for NH 2 bent toward the 6-B position (literature numbering, Figure 1 ) and higher barrier for NH 2 bent toward the 3 position]; 8.6 kcal/mol for the 3-NH 2 -isomer; 6.6 to 8.2kcal/mol for the 5-NH 2 -isomer [where the lower of these two barriers is that associated with the NH 2 group folded toward B(6) and the higher value where NH 2 is bent toward C4. For 1-H 2 N-2,4-C 2 B 5 H 6 , the lower barrier, 2.3 kcal/mol, is associated with the NH 2 group bent toward the B5-B6 bond and the higher barrier, 3.5 kcal/mol, is associated with the NH 2 group folded toward B3. All of these barriers are to be compared to that associated with aniline where a barrier of 5.7 kcal/mol is calculated for NH 2 -group rotation at the same level (B3LYP/6-31G*) of theory. In all instances the higher energy (rotational) form(s) expectedly result in larger N-Y (Y = B,C) bond distances, smaller C-(or B-)NH 2 angles, and smaller H-N-H angles, reflecting less π-interaction between the "unshared" electrons of the nitrogen and the cage. A representative set of graphs illustrating these trends, in this case showing the correlations for the parameters of 3-H2N-2,4-C 2 B 5 H 6 , are shown in Figure 4 . 
Figure 4. Rotation (in degrees) of -NH 2 about B-3 vs (a) energy (in A.U.), (b) H-N-H angle (in degrees), (c) B3-N-X angle (in degrees), (d) B3-N distance (in
